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Introduction
Neoplastic meningitis, also known as leptomeningeal metastasis or carcinomatous meningitis, reflects the metastatic infiltration of the cerebrospinal fluid (CSF) and leptomeninges (pia and arachnoid) by cancer. Neoplastic meningitis is the third most common cause of central nervous system (CNS) metastases after brain metastases and epidural spinal cord compression. 1 The diagnosis and treatment of neoplastic meningitis are of clinical relevance due to their im-pact on patient quality of life and rate of survival.
The incidence of neoplastic meningitis is increasing due in part to improved rates of survival, because more effective systemic agents with poor CNS penetration are being used. 2, 3 Up to 5% of patients with solid tumors will develop neoplastic meningitis during the course of their disease. 4 The incidence of undiagnosed neoplastic meningitis may be 40% or more in solid tumors. 5 Among solid tumors, breast cancer (12%-35% of all cases of neoplastic meningitis), lung cancer (10%-26%), and melanoma (5%-25%) represent the most common causative cancers that result in neoplastic meningitis. 4, [6] [7] [8] [9] Due to its high incidence, breast cancer is the most common cause of solid tumor-related neoplastic meningitis, with an estimated occurrence of 3% to 5%. 4 The incidence of neoplastic meningitis in non-small-cell lung cancer (NSCLC) is approximately 1% to 3%. 4, 7 Neoplastic meningitis may be observed in up to 20% of patients with metastatic melanoma. 4, 7 Neoplastic meningitis is diagnosed in most patients (70% overall) with active systemic disease; however, neoplastic meningitis can present as the first site of metastatic disease after a disease-free interval (20%) or may be the first manifestation of cancer (5%).
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Physiopathology
Tumor cells invade the leptomeninges and CSF by various means, including via hematogenous spread (either through arterial dissemination or through the Batson venous plexus), endoneural/perineural or perivascular lymphatic spread, and direct extension from the brain parenchyma or choroid plexus. Primary leptomeningeal tumors may be also observed, particularly with melanoma. 9 After entering the subarachnoid space, cancer cells disseminate through the neuraxis via the dynamic flow of the CSF and metastasize to multiple sites in the CNS. 4 Tumor cell infiltration of the CSF predominates at the base of the brain, the dorsal spinal cord, and the cauda equina. 8 Two pathological patterns of neoplastic meningitis can be distinguished and are often related: (1) subarachnoid or intraventricular nodular disease, and (2) nonadherent malignant cells suspended and circulating in CSF (ie, circulating tumor cells [CTCs] ). 6 
Risk Factors
Several studies have reported a higher incidence of neoplastic meningitis after surgical resection for brain metastases compared with primary treatment (radiotherapy). 10, 11 Thus, surgical resection, particularly of cerebellar brain metastasis, may increase the risk of developing neoplastic meningitis. In addition, when supratentorial brain metastasis is resected and a ventricle is entered, this appears to increase the risk of CSF dissemination.
11, 12 An increased incidence of neoplastic meningitis has also been reported after piecemeal resection vs en bloc resection of brain metastasis. 10 In the infiltrative lobular subtype of breast cancer, negative ER and negative PR tumors are associated with an increased risk of neoplastic meningitis. 7, 13, 14 Triple-negative status (ie, ERBB2 [formerly known as HER2/neu] negative, ER negative, and PR negative) may be a risk factor, although ERBB2
has not yet been identified as a risk factor for neoplastic meningitis.
In NSCLC, adenocarcinoma histopathology has been implicated as a risk factor for the development of neoplastic meningitis. 15, 16 EGFR or ALK mutations in NSCLC may be risk factors of neoplastic meningitis, although this supposition has not been clearly established. 17 Few case series of melanoma-associated neoplastic meningitis have been reported, and no risk factors have yet to be identified.
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Diagnosis
According to guidelines published by the National Comprehensive Cancer Network (NCCN), the diagnosis of neoplastic meningitis may be determined by the presence of CTCs in the CSF. 21 In the absence of CTCs in the CSF, neoplastic meningitis has been defined as the presence of neuroradiological findings consistent with neoplastic meningitis and associated with characteristic symptoms and signs of neoplastic meningitis in the setting of cancer. 4, 7, 21 A diagnosis of probable neoplastic meningitis can also be made in those with cancer who present with symptoms and signs consistent with neoplastic meningitis, CSF abnormalities (although nonspecific), and inconclusive findings on magnetic resonance imaging (MRI).
1 Underdiagnosis remains a challenge because establishing a diagnosis of neoplastic meningitis requires specific assessments (analysis of CSF and imaging of the CNS) based on a clinical suspicion of neoplastic meningitis; those challenges notwithstanding, corroborative test results may also be normal. 
Clinical Symptoms and Signs
Patients with neoplastic meningitis frequently present with multifocal neurological symptoms and signs related to specific domains of the CNS involved with CTCs. Clinical manifestations may have a subtle presentation in some patients. Neurological symptoms and signs are classically categorized as belonging to 1 of 3 CNS domains: (1) cerebral hemispheres, (2) cranial nerves, and (3) spinal cord/nerve roots. 3, 22 Shown in Table 1 , the most frequent manifestations of neoplastic meningitis are headache, change in mental status, gait abnormality, vomiting (cerebral hemisphere dysfunction), diplopia and facial paresis (cranial nerve involvement), lower extremity weakness and paresthesias, back or neck pain, and radiculopathy (spinal cord/exiting nerve-root manifestations). [23] [24] [25] [26] [27] [28] Clinical manifestations suggestive of neoplastic meningitis are the development of cauda equina syndrome, communicating hydrocephalus, or cranial neuropathy. 1 Typically, neurological signs exceed the number of symptoms, so a careful neurological examination is required to assist in the diagnosis and management of neoplastic meningitis. 4, 29 Meningismus (neck stiffness) is uncommon and presents in fewer than 15% of cases. [23] [24] [25] [26] [27] [28] 30 Headache, nausea, and vomiting due to raised intracranial pressure are frequent. Seizures are uncommon and occur in fewer than 10% of patients.
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Clinical manifestations may overlap with those of concomitant brain metastasis, treatment-related toxicity, metabolic disturbances, other causes of chronic meningitis (tuberculosis, fungal infections, sarcoidosis), or -rarelyparaneoplastic syndromes. 1, 7, 8 However, the presentation differs from that of infectious or hemorrhagic meningitis, because fever, meningismus, and photophobia are rare in this patient population. 4, 7 Concomitant primary or secondary brain cancer may amplify the neurological manifestations of neoplastic meningitis.
Imaging Assessment
MRI with contrast of the brain and spinal cord is the imaging modality of choice for the radiographical evaluation of neoplastic meningitis. 4, 6, 7 Contrast-enhanced, T1-weighted imaging and sequences of fluid attenuation inversion recovery are the most sensitive for detecting neoplastic meningitis. 4, 7 At diagnosis, brain involvement can be observed in 40% to 75% of patients and spinal involvement can be seen in 15% to 25%. 7 Findings on MRI can include focal or diffuse pial enhancement; ependymal, sulcal, folia, or cranial nerve enhancement; and subarachnoid, ventricular, or parenchymal-enhancing nodules. Hydrocephalus, which is a secondary consequence of neoplastic meningitis, may also be observed. Characteristic findings on MRI are illustrated in Figs 1 and 2. 7 In a cohort of 125 patients who had non-brain solid tumors, neoplastic meningitis, and positive findings on CSF cytology, as well as 40 patients with clinical neoplastic meningitis and negative findings on CSF cytology, MRI findings were abnormal in 40% of study patients with positive CSF cytology and 100% of study patients with MRI-defined neoplastic meningitis and negative CSF cytology. 29 The sensitivity of neuraxis MRI in detecting neoplastic meningitis varies between 40% and 86%. 29, [31] [32] [33] [34] [35] [36] [37] Normal findings on MRI do not exclude the diagnosis of neoplastic men- ingitis. 1 Co-existent brain metastases have been reported in 21% to 83% of patients with neoplastic meningitis. 13, 29, [31] [32] [33] [34] 38, 39 The value of computed tomography (CT) with contrast of the cranium is limited in neoplastic meningitis (sensitivity rate, 23%-38%), and use of CT is restricted to the detection of hydrocephalus or if obtaining MRI is contraindicated. 4, 7, 35, 40 Radionuclide studies using indium, diethylene, and triamine penta-acetic or Tc macro-aggregated albumin permits the detection of CSF flow blocks present in 30% to 70% of patients with neoplastic meningitis. 19 In a cohort of 165 patients with neoplastic meningitis and solid tumors, the results of radioisotope CSF flow studies were abnormal in 25% of those with positive cytology results and in 28% of those whose disease was defined by MRI. 29 CSF blocks generally occur at the skull base, within the spinal subarachnoid space, and across the cerebral convexities. 4, 7, 41 Compared with patients without a disruption of CSF dynamics, patients with interruptions in CSF flow have a shorter survival. 42 Furthermore, a block of the CSF flow reduces the efficacy of the intra-CSF administration of treatment by limiting the distribution of the drug in the CNS and increasing treatmentrelated toxicity. 4 Nonetheless, radioisotope CSF flow dynamics is infrequently utilized. Determination of CSF flow interruption is relevant with respect to intra-CSF drug delivery, and, if documented, re-establishing normal CSF flow by treating the affected area with radiotherapy re-establishes CSF flow in 30% of intraspinal blocks and 50% of intracranial blocks. 41 Normalizing CSF dynamics results in survival rates similar to that of patients initially without CSF flow interruption.
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Analysis of the Cerebrospinal Fluid
Most patients (> 90%) with neoplastic meningitis manifest nonspecific CSF abnormalities, such as raised CSF opening pressure (46%), elevated protein levels (76%), decreased glucose levels (54%), or increased white blood cell counts (57%). 4, 7 The finding of CTCs in the CSF can be used to establish the definitive diagnosis of neoplastic meningitis. 1 The specificity rate of CSF cytology is high (80%-95%), but the sensitivity rate of initial lumbar puncture is estimated to be below 50%. 1, 4 Using measures such as sampling a large volume of CSF (> 10 mL), avoiding a hemorrhagic CSF specimen, and prompt processing can improve the sensitivity of CSF cytology. Not obtaining a CSF sample from a clinically or radiologically symptomatic site may increase the rate of false-negative results on CSF cytology. Repeat lumbar puncture increases the likelihood of identifying CTCs to 80%.
1, 43 Little benefit is obtained from obtaining a third CSF cytology sample. 1, 4, 7, 43 In contemporary series of breast cancer-related neoplastic meningitis, the sensitivity rate of CSF cytology was reported to be 67% to 83%. [31] [32] [33] [34] [35] [36] [37] Many CSF biomarkers have been examined for their use in neoplastic meningitis. Biomarkers may be nonspecific (eg, α-glucuronidase, lactate dehydrogenase, β-2-microglobulin, carcinoembryonic antigen) or organ specific (eg, cancer antigen [CA] 15-3, CA 125, CA 19-9, CA 724, α-fetoprotein, neuron-specific enolase, cytokeratin 19 fragment). However, no clear relationship exists between these various biomarkers and treatment response. 7 Proangiogenic molecules, such as vascular endothelial growth factor, urokinase plasminogen activator, and tissue plasminogen activator, have been evaluated with varying rates of sensitivities and specificities that do not appear to improve the performance of CSF cytology. 7, 44, 45 CSF metabolomics, protein profiling, micro-RNA studies, and genomic analysis may represent another method to aid in the diagnosis and treatment of neoplastic meningitis. [46] [47] [48] [49] Identification of cell-surface, tumor-associated proteins in CSF is another method under investigation. [50] [51] [52] [53] Due to lack of agreement on cutoff levels to standardize CSF sampling and processing with respect to the above-mentioned biomarkers, CSF cytology remains the gold standard for the detection of CTCs in the CSF. 1, 6, 7 
Prognosis
Neoplastic meningitis often results in neurological impairments that both reduce quality of life and survival. 4 Thus, the goal of treatment is to improve or stabilize neurological function, maintain quality of life, and prolong survival. Deciding who to treat can be challenging. Fixed neurological deficits rarely improve with treatment, but the progression of neurological dysfunction may be arrested in some instances. 4 The median survival rate without treatment is 1 to 2 months, and often death is a consequence of progressive neurological dysfunction. 4, 6 With treatment, median survival rates in neoplastic meningitis vary from 2 to 5 months in breast cancer, 3 to 6 months in NSCLC and 2 to 4 months in melanoma; however, these reported numbers predate the use of immunotherapy and targeted therapies (Table 2) .
3,16-20,31,33-39,54-67 Cause of death in patients with neoplastic meningitis may be due to the progression of neoplastic meningitis (24%-34%), progression of systemic disease (19%-44%), or both (22%-25%). 22, 58 Guidelines from the NCCN define poor and good risk factors for patients with neoplastic meningitis. 21 The poor risk group includes patients with low performance status; multiple, serious, or major neurological deficits; extensive, systemic disease with few treatment options; radiographic bulky CNS disease; neoplastic meningitis-related encephalopathy; and CSF dynamic flow obstructions. 21 Palliative care is suggested for all patients with a poor prognosis, whereas directed therapy should be considered for patients with a good prognosis. The 6, 7 Prolonged survival of 1 year or more may be observed in 7% to 24% of patients with breast cancer and neoplastic meningitis.
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33, [35] [36] [37] 54, 60, 68 In breast cancer, multivariate analyses have demonstrated an association between survival and histological characteristics (grade and HR status), performance status, extent of systemic disease, treatment (number of prior chemotherapy regimens, receipt of combined treatment modalities, coadministration of systemic chemotherapy, and intra-CSF administration of chemotherapy), and initial response to treatment. 13, 31, 33, [35] [36] [37] [54] [55] [56] In lung cancer, multivariate analyses confirm that performance status, treatment (systemic therapy and intra-CSF administration of chemotherapy), and response to neoplastic meningitis-directed therapy were associated with longer survival. 38, 39 In patients with EGFR mutations and neoplastic meningitis, epidermal growth factor receptor (EGFR) inhibitors may result in durable responses without the need for the intra-CSF administration of chemotherapy. 61 In a retrospective cohort of melanoma-associated neoplastic meningitis, a history of primary melanoma diagnosed on the trunk was correlated with shorter survival rates, whereas the intra-CSF administration of chemotherapy was associated with longer rates of survival.
18
Treatment
Combined treatment utilizing systemic chemotherapy (or targeted therapy), the intra-CSF administration of chemotherapy, and site-specific radiotherapy may improve rates of survival in patients otherwise determined to be good candidates for neoplastic meningitis-directed treatment. A number of randomized trials have been conducted in solid tumor-related neoplastic meningitis (Table 3) . 65, [69] [70] [71] [72] Most of these trials included multiple tumor types, thereby limiting the applicability of the study results with respect to specific cancer-related neoplastic meningitis. 65, [69] [70] [71] [72] In addition, these trials varied with respect to methodology and the absence of any standardized criteria by which to evaluate response to treatment 65, [69] [70] [71] [72] ; thus, the results cannot be generalized to specific groups of patients with neoplastic meningitis.
Because the progression of systemic disease is the primary cause of death in patients with neoplastic meningitis, treatment of systemic disease should not be neglected. 73 In general, patients with neoplastic meningitis who have a good performance status are treated with site-specific radiotherapy and disease-specific systemic therapy (chemotherapy or targeted therapy) that may treat both neoplastic meningitis and the systemic disease. The role of the intra-CSF administration in solid tumor-related neoplastic meningitis is not clearly defined. No prospective trial has established a No significant differences between groups. AE = adverse event, MTX = methotrexate, OS = overall survival, PFS = progression-free survival, RR = response rate, TTP = time to progression.
the superiority of the intra-CSF administration of chemotherapy relative to systemic therapy. Thus, treatment of neoplastic meningitis should be individualized to the general and neurological status of the patient, the available therapeutic options for systemic disease, and the manner of neurological presentation.
Symptomatic Treatment
Symptomatic treatment is indicated for all patients with neoplastic meningitis. Pain is treated using opioid analgesics, tricyclic antidepressants, or antiepileptic drugs when present. Corticosteroids may improve radicular pain. The contribution of corticosteroids is limited in neoplastic meningitis because, unlike in brain metastases, neoplastic meningitis does not result in vasogenic edema. However, steroids are useful for the treatment of associated brain metastasis or epidural spinal compression. 4 Focal radiotherapy of symptomatic sites may also provide pain relief. Prophylactic antiepileptic drugs are not indicated, except in patients with seizures and, if used, non-enzyme-inducing drugs are preferred to mitigate pharmacodynamic interaction with systemic therapies. Symptomatic hydrocephalus can be treated by a ventriculoperitoneal shunt or, in some instances, whole-brain/skull-base radiotherapy.
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Surgery
The main surgical indications in neoplastic meningitis include placement of a ventriculoperitoneal shunt for symptomatic hydrocephalus and implantation of ventricular-access devices (eg, Ommaya reservoir) to facilitate the intra-CSF administration of therapy. In 1 report, diverting CSF improved survival in patients with neoplastic meningitis. 74 Complications of a ventriculoperitoneal shunt include possible peritoneal dissemination; however, data from studies of medulloblastoma indicate the absence of peritoneal metastases, nor do any data in the medical literature on neoplastic meningitis suggest a similar seeding pattern. 75 Ventricular-access devices offer several advantages for the intra-CSF administration of chemotherapy. After lumbar puncture, the intra-CSF administration of a drug may unknowingly be placed into the epidural or subdural space in up to 12% of patients. 76 Furthermore, following intralumbar drug administration, the drug distribution may be not uniform with the variable drug concentration observed in the intracranial compartment. 4, 7 These pharmacodynamic aspects of intralumbar drug delivery may partly explain the benefit seen in progression-free survival after the intraventricular administration of select agents. 76 Placing a ventricular-access device is a relatively pain-free procedure.
Ventricular-access devices may also be used in the setting of thrombocytopenia, a relative contraindication for intralumbar drug administration. 7 In a cohort of 112 patients (a median of 9 injections per study patient), of whom 72% were treated with both systemic and intraventricular chemotherapy, 11 cases of complications were observed, including 7 infections related to the ventricular-access device. 77 These results confirmed the safety of ventricular-access devices in patients with neoplastic meningitis. Rarely, intracranial hemorrhage, symptomatic leukoencephalopathy, or malposition or obstruction of the catheter can be observed with ventricular-access devices in patients with neoplastic meningitis.
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Radiotherapy
Radiotherapy is indicated for the treatment of symptomatic sites of disease, bulky disease defined by MRI, or to correct CSF flow blocks demonstrated by radioisotope CSF flow dynamics. 1, 4, 78 Radiotherapy is indicated for cauda equina or skull-base syndromes, even in the absence of correlated radiographical signs. 4 Radiotherapy often provides pain relief and may help stabilize but does not typically improve neoplastic meningitis-related neurological disease. 4 Bulky radiographical disease is another indication for radiotherapy because the intra-CSF administration of chemotherapy has limited diffusion (< 3 mm) into tumor nodules and is limited in its effectiveness. 4 Correction of CSF flow obstruction is yet another indication for radiotherapy in neoplastic meningitis, and, if normalized, outcomes are similar to those seen in patients with normal CSF flow dynamics. 42 Stereotactic radiosurgery and fractionated stereotactic radiotherapy have little utility in managing neoplastic meningitis except in co-existent brain metastasis. 1, 78 In general, CNS site-specific radiotherapy is well tolerated, but use of more extensive radiation treatment fields, such as craniospinal irradiation, have not improved outcomes in solid tumor-related neoplastic meningitis and may result in serious adverse events (eg, myelosuppression, gastrointestinal toxicity). 1, 4, 6, 7 Whole-brain radiotherapy may ameliorate neoplastic meningitis-related communicating hydrocephalus secondary to the interruption of CSF flow over the convexity of the brain. Whole-brain radiotherapy can be used to treat co-existent brain metastasis. In a retrospective cohort of patients with NSCLC and neoplastic meningitis, whole-brain radiotherapy did not prolong survival when used as a single-modality therapy for neoplastic meningitis.
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Systemic Therapy
The selection of systemic chemotherapy to treat neoplastic meningitis is based on the chemosensitivity profile of the primary tumor and the ability of the therapeutic agent to cross the blood-CSF barrier. Temozolomide, an alkylator chemotherapeutic agent known to cross the blood-CSF barrier, failed in a phase 2, nonrandomized study of patients with neoplastic meningi-tis related to either breast cancer or NSCLC. 79 It is likely that it failed due to the inactivity of temozolomide in these cancers. 79 Cytotoxic concentrations can also be achieved in the CSF with intravenous high-dose methotrexate or cytarabine, but these regimens have limited effectiveness, except in breast cancer, and often result in significant rates of toxicity. 7 Breast Cancer: Capecitabine, a fluoropyrimidine that can penetrate the CNS, has shown durable responses in small case series of breast cancer-related neoplastic meningitis. 80, 81 Taxane-based chemotherapies (paclitaxel and docetaxel, which are common agents used to treat breast cancer), do not cross the blood-CSF barrier and have no efficacy in treating neoplastic meningitis. 82 Responses in patients with neoplastic meningitis after endocrine therapy (tamoxifen, letrozole, anastrozole, megestrol) have occasionally been reported, but most often at the initial presentation of neoplastic meningitis. 7 Breast cancer has acquired resistance to these therapies. 7 Anti-erb-b2 receptor tyrosine kinase 2 (ERBB2) therapies (eg, trastuzumab, pertuzumab, lapatinib) are approved for use in metastatic ERBB2-positive breast cancer. However, no systemic anti-ERBB2 agent has been evaluated in neoplastic meningitis, except for responses observed in brain metastases.
83,84 Several authors have reported a potential role of bevacizumab alone or in combination with chemotherapy for certain patients with neoplastic meningitis, and the results from several prospective studies evaluating bevacizumab in breast cancer-related neoplastic meningitis are forthcoming (NCT00924820, NCT01281696).
85-89
Lung Cancer: The impact of systemic chemotherapy in the treatment of lung cancer-related neoplastic meningitis is unclear, but anecdotal responses have been observed following platinum-couplet chemotherapy. 90 Some data suggest that patients treated with select systemic therapies containing pemetrexed, bevacizumab, or a tyrosine kinase inhibitor have improved overall survival in select patients, but the effectiveness of these therapies in patients with neoplastic meningitis is not certain. 17 Nonetheless, responses to pemetrexed and bevacizumab have been observed in small case reports of NSCLC-related neoplastic meningitis. 16, 91 Results from a prospective study of bevacizumab for the treatment of neoplastic meningitis that enrolled patients with lung cancer and neoplastic meningitis are forthcoming (NCT00924820).
Activity of the EGFR-tyrosine kinase inhibitors erlotinib and gefitinib at normal and higher doses was observed in patients with activating mutations of EGFR and NSCLC-related neoplastic meningitis. 16, 32, 38 However, whether standard-dose or pulsatile, high-dose regimens of EGFR inhibitors are of utility has not yet been defined. 92 Erlotinib may achieve higher CSF concentrations than gefitinib, and this drug has potential in neoplastic meningitis. 16 CNS responses with erlotinib after prior progression on gefitinib and vice versa have been reported. 93 Second-generation EGFR inhibitors such as afatinib (combined with cetuximab) also have activity in lung cancer-related neoplastic meningitis. 94 Thirdgeneration EGFR inhibitors exist that have both improved CNS penetration and activity against the T790M mutation that commonly results in resistance to EGFR inhibition, and these investigational drugs may prove to be effective for both brain metastases and neoplastic meningitis. 95 In a single case series, response to an anaplastic lymphoma kinase inhibitor was observed in the setting of neoplastic meningitis and NSCLC.
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Melanoma: Standard systemic chemotherapy for the management of melanoma includes temozolomide, dacarbazine, and fotemustine. However, systemic chemotherapy has limited activity in CNS metastases. Immunotherapy with anti-CTLA-4 (ipilimumab) alone or in combination with fotemustine has demonstrated efficacy in patients with minimal symptomatic brain metastasis. 97, 98 Similar responses have been observed in brain metastasis treated with vemurafenib and dabrafenib. 99, 100 In patients with both systemic and CNS metastases, similar response rates (78% and 90%) were observed when they were treated with dabrafenib. 101 Cases of melanoma-related neoplastic meningitis responding to ipilimumab or dabrafenib have been reported, but whether targeted therapies can substitute for standard treatment has not yet been determined.
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Intracerebrospinal Fluid Administration of Chemotherapy
The intra-CSF administration of chemotherapy is a type of regional or intracavitary administration associated with minimal rates of systemic toxicity; it also produces high levels of the drug in the CSF compartment. 103 Although it is frequently used for the treatment of neoplastic meningitis, no prospective trials have demonstrated any benefit of intra-CSF administration of chemotherapy in patients with solid tumor-related neoplastic meningitis. Four drugs are commonly used in routine practice for intra-CSF administration and include methotrexate, cytarabine and its liposomal form, and thiotepa (Table 4 ). The length of treatment following the successful induction has not yet been defined for neoplastic meningitis, wherein patients have converted from positive to negative findings on CSF cytology and are otherwise clinically stable. Intra-CSF administration of chemotherapy was identified as a significant prognostic factor in the treatment of patients with NSCLC and neoplastic meningitis. 38 Several trials in adults with neoplastic meningitis have not demonstrated any superiority with respect to either response or survival when comparing combination therapy with single-agent therapy. 7, 65, 69, 104 Common to all chemotherapy administered into the CSF, and, in par-ticular, the long half-life agent liposomal cytarabine, is treatment-related, transient, aseptic chemical meningitis that can be mitigated by the concomitant oral administration of dexamethasone. A challenge with the current intra-CSF administration of chemotherapy is the limited efficacy of these agents in solid tumors. 1 Another limitation of intra-CSF chemotherapy when used for the treatment of neoplastic meningitis is its limited penetration (1-3 mm) into tumor nodules, such that the intra-CSF administration of chemotherapy is relatively ineffective in MRI-defined bulky leptomeningeal disease. In patients with CSF flow blocks defined by radioisotope studies, the intra-CSF administration of chemotherapy can be associated with an increased risk of neurotoxicity.
Although these agents are rarely used, the intra-CSF administration of alternative agents (etoposide, topotecan, diaziquone, mafosfamide, nimustine, hydroperoxycyclophosphamide, mercaptopurine, dacarbazine, gemcitabine, interferon α) have either failed or shown similar activity to standard agents used in neoplastic meningitis. 7 The continuous ventricular infusion of methotrexate may represent an alternative, pharmacologically rational approach to treating neoplastic meningitis, because few CTCs are present in the active cell cycle. 57 Intra-CSF administration of targeted therapies (trastuzumab in breast cancer, interleukin 2 in melanoma, and panitumumab in NSCLC) has been used in neoplastic meningitis, but it has been described in case reports alone. 7, 105, 106 Two phase 1/2 studies are researching ERBB2-positive breast cancer and neoplastic meningitis to define the safety and efficacy of the intra-CSF administration of trastuzumab (NCT01325207, NCT01373710).
Conclusions
The incidence of neoplastic meningitis is increasing due to an improvement in the overall survival rate of patients with cancer, which, in part, reflects the fact that more effective anticancer therapies do not cross the brain-cerebrospinal fluid (CSF) barrier. 2, 3 The diagnosis of neoplastic meningitis remains challenging, as reflected by its underdiagnosis and the limited sensitivity of CSF cytology and neuraxis radiography in establishing the diagnosis. Without treatment, neoplastic meningitis is associated with poor outcomes and progressive, neurological death. Determining which patients with neoplastic meningitis are likely to benefit from directed therapy is challenging; however, the extent of systemic disease, type of treatment, the neurological presentation, and the disease burden are all factors identified as being useful for proper patient selection. Treatment options can include chemotherapy (systemic and intra-CSF administration), site-specific radiotherapy, and symptom-directed care. Limited case reports suggest that immunotherapy and cancer-specific targeted therapies may be effective in the treatment of neoplastic meningitis in certain patients -and prospective studies are testing this hypothesis. Proposals for assessing treatment response in neoplastic meningitis could help to standardize the evaluation of neoplastic meningitis and improve clinical trial design so as to better define the role of novel therapies in neoplastic meningitis. 
